ABSTRACT Sewanee: The University of the South, located in Franklin County, Tennessee, is a 5,263 ha site that encompasses a variety of plateau and cove habitats on the southern Cumberland Plateau in southeastern Tennessee. The vascular flora of the University of the South was documented from 1948-2015 and comprises 1,118 species and lesser taxa in 553 genera and 150 families. We documented 229 exotic taxa, 20.5% of the flora. This flora contains six state records, 74 Franklin County records, and two potential new species. Eighteen taxa are listed as protected either at the state or federal level, including the federally listed endangered Clematis morefieldii and state listed endangered Diamorpha smallii, Silphium brachiatum, and Symphyotrichum pratense. When compared to the five other published floras for the southern Cumberland Plateau in Tennessee, the University of the South flora is the most diverse, capturing 69% of the total taxa at the species level for the region. The high diversity of plant species in the University of the South flora reflects the broad range of habitats that can be found within the campus and contiguous natural areas. This flora demonstrates that herbaria at small liberal arts colleges can play an important role in the documentation and promotion of plant biodiversity within their region.
INTRODUCTION
The campus and contiguous lands owned by Sewanee: The University of the South (UoS) (referred to locally as the ''Sewanee Domain'') are located on the Cumberland Plateau in southeastern Tennessee, a region of high botanical diversity within the United States (Kartesz 2015) . The area around UoS has been the focal point for several published floras that have contributed to our understanding of this diversity (Clark 1966 , Wofford et al. 1979 , Clements and Wofford 1991 , Fleming and Wofford 2004 , Beck and Van Horn 2007 . A number of factors contribute to the potential for the UoS to capture a large percentage of the region's botanical diversity: (a) much of the land has been under continuous ownership since 1875, with management for education being a primary landowner objective; (b) there is a spectrum of habitats associated with a variety of historical land uses; and (c) the landscape encompasses a broad range of ecological communities associated with major variation in geology, hydrology, and topography.
The goals of this study were (a) to document the vascular flora of the UoS, (b) document rare or threatened plants, (c) document exotic plants, (d) document new state and Franklin county records, (e) list characteristic habitats for each taxon, and (f) compare floristic similarity of five Tennessee Cumberland Plateau floras. This study represents 50 yr of accumulated botanical study and collecting at this institution and is the first published record of the UoS flora.
Study Area
The land owned by the University of the South is located in southeast Tennessee. The majority of the land is in Franklin County, but a small portion reaches into Marion County ( Figure 1 ). The UoS, a 5,263 ha area, is located between between 35807 0 13 00 N and 35813 0 52 00 N latitudes and between 85851 0 24 00 W and 85859 0 27 00 W longitudes. It is approximately 132 km southeast of Nashville and 58 km northwest of Chattanooga. The UoS occupies the Sewanee, Monteagle, and Sinking Cove USGS topographic sheet quadrangles and is part of the Appalachian Plateau Province. The landscape of the UoS consists of both upland (tableland) and cove environments, spanning an elevational range from 289 to 612 m. The UoS currently consists of an academic campus (155 ha) with adjacent commercial and residential areas (317 ha) that are embedded within and surrounded by diverse natural lands (4,791 ha) . There are 15 reservoirs (67.5 ha), and the UoS is crossed by 9 km of major Tennessee Valley Authority (TVA) powerline rights-of-way (two lines, established in 1942 and 1951) that are kept free of woody vegetation. The continuum that exists on the UoS between the humanbuilt environment and the surrounding natural environment contributes to the diversity of plant species.
Land Use and Disturbance History
The lands that make up the present-day UoS have been affected by both prehistoric and historic human management. For 10,000 yr, Native Americans (the last of which were the Cherokees) used the Cumberland Plateau as seasonal hunting grounds and increased the level of fire on the landscape through their burning practices (Miller 2004) . Settlers of European descent arrived in the Sewanee area in the early 1800s and began using land for grazing animals and resource extraction including coal and timber (Miller 2004) . They also continued the practice of burning in the forests. By the time the University of the South was founded in 1857, Sewanee was a small town and much of the upland forest had been heavily logged to generate income (Cheston 1953) . The arrival of the railroad on the mountain in 1852 promoted later economic activity associated with the new University and also resulted in fire disturbances.
In response to concerns about forest condition, in 1900 the University commissioned a forest assessment and plan for the UoS by Gifford Pinchot's Bureau of Forestry in the United States Department of Agriculture (US-DA). This assessment concluded that fire, overgrazing, and overlumbering were suppressing regeneration and causing the forest to decrease in value (Foley 1903) . During this time, the Department of Forestry was created at the University (Cheston 1953) , and a forest manager was hired in the early 20th century to survey the forest and implement regulated timber extraction plans (Miller 2004) . Fire suppression began in the 1900s, and by the 1950s, fires no longer represented an important ecological disturbance regime at Sewanee. Water impoundments were initially created for the purpose of fighting fires and later for providing drinking water and recreation areas. A network of firelanes was established in the 1930s and expanded in the 1950s, serving the dual purpose of fire control and recreational access across the upland area of the UoS. Pinus strobus was planted along firelanes to provide aerial visualization of compartment boundaries (Smith et al. 2010) and is now considered invasive as second-generation trees have spread from seed beyond original plantings. Pinus strobus, Pinus taeda, and other species were also planted in scattered experimental plantations by the University in conjunction with United States Forest Service (USFS) silvicultural scientists, who maintained a research station at the University from 1956-1985. By the 1960s and continuing to the present day, the University significantly decreased logging activities in favor of preserving its forests and promoting recreation and aesthetics. Two old-growth forests, Dick Cove and Shakerag Hollow, have been set aside as a result of their biological diversity. In 2008, the University most recently acquired an adjacent 1,200 ha tract in Lost Cove that is currently managed as a natural area (Smith and Williamson 2008) .
A University farm established in 1899 included 6 ha of land managed for pasture and vegetable production (Smith et al. 2010) . The practice of running free-range livestock (cattle, pigs) in the forest that predated the University ended by the 1940s. The University farm fenced off large tracts of forest (400 ha) for pasture and running cattle. The original farm operation ceased in the 1960s, with farm fields being allocated to other purposes such as an equestrian center and sports fields. Some were maintained as open fields, and others were abandoned. A new University farm program was established in 2012 and currently occupies 1 ha of land used for agricultural purposes.
As a result of severe hunting pressure during the 1930s, white-tailed deer (Odocoileus virginianus) were largely eliminated from the Sewanee area. Deer were reintroduced in the 1950s, and a predator trapping program was established, targeting bobcats and feral dogs. By the late 1990s, deer densities had increased to levels impacting forest regeneration on the UoS (Reid et al. 2008) .
Castanea dentata, once abundant on upland ridges and cove habitats with sandstone colluvium, was decimated by chestnut blight epidemics of the 1930s (Myers et al. 2004) , so there are no reproductive individuals present on the UoS. Similarly, the dogwood anthracnose blight caused high mortality in Cornus florida populations in both cove and upland forest communities (Hiers and Evans 1997).
Vegetation
Typical of the southern Cumberland Plateau in Tennessee, the UoS has two major forest types draped across the plateau topography: an upland forest type and adjacent cove forest type (Hinkle 1989) . The xeric upland forest is composed of a mixture of oak species (Quercus alba, Quercus coccinea, Quercus prinus, Quercus stellata, Quercus velutina) and hickory species (Carya glabra, Carya pallida, Carya tomentosa) in the canopy along with Acer rubrum, Nyssa sylvatica, and Oxydendrum arboreum (Reid et al. 2008) . The understory of the upland forest is composed of a variety of woody shrubs including Kalmia latifolia, Rhododendron spp., and Vaccinium spp., along with a large number of grasses, sedges, and fall-blooming composites (Clements and Wofford 1991) . The composition of the adjacent cove forest varies as a function of slope and aspect, but is generally characterized as having a diverse, mixed mesophytic canopy (Aesculus flava, Carya ovata, Juglans nigra, Liriodendron tulipifera, Tilia americana) with an oak (Quercus spp.) component and an Acer saccharum dominated understory and midstory (McGee 1986 , Hinkle 1989 , Reid et al. 2008 ). The cove forest understory has a diverse assemblage of herbaceous species (Duffy and Meier 1992) .
The upland and cove forest communities differ ecologically. Upland plateau forest dynamics are driven by limited soil resource availability (Hinkle 1989), whereas cove forest dynamics are controlled to a greater degree by limited light availability (Martin 1992) . Floristic studies from nearby locations on Cumberland Plateau in southern Tennessee (Wofford et al. 1979 : Savage Gulf, Grundy County; Clements and Wofford 1991: Wolf Cove, Franklin County) have determined that less than 25% of the vascular plant species associated with the upland forest is also found in the cove forest. These studies also reveal that despite this dissimilarity, the plateau forest is just as diverse as the cove forest with upland forest species representing 48% of the total flora in both study areas.
Geology
The 
Soils
The soils of this region reflect their underlying substrate and this, along with topographic position, is responsible for the large compositional differences between the forest of the plateau surface (hereafter referred to as plateau forest) and that of the coves (hereafter referred to as cove forest). Soils on the plateau are derived from sedimentary rocks and are acidic and well drained. Soils include Hartsells, Albertville, Lonewood, Ramsey, Hector, and Gilpin. Soils in the bottomlands of the cove are moderately fertile, deep, and moderately well drained. These soils include Sewanee, Ealy, and Clifty. Upper slopes of the cove developed from sandstone, siltstone, and shale. Soils on lower slopes developed from limestone. Slope soils include Grimsley, Jefferson, Bouldin, and Allen (Smalley 1982) .
The soils of the plateau surface, being derived from the underlying sandstone, have a very high sand content. This condition makes these soils nutrient poor (low ion exchange capacity), drought prone, and highly acidic with little buffering capacity (Francis and Loftus 1977, Mays et al. 1991) . Most of the fine root matter within the plateau forest soil is located in the upper 5 cm of the organic layer. This carpet-like mat of roots suggests that soil resource input (water and nutrients) is mostly coming from above through precipitation and litter turnover. In a study examining the potential impact of increased acid precipitation on cation-poor forest systems, Kelly (1988) 
Climate
The climate of UoS is summarized using the last three decades of weather data taken on the uplands of the Cumberland Plateau by the University. The highest average temperatures occur in July (28.078C) and August (28.088C). The lowest average temperature occurs in January (À1.428C). December and March have the highest precipitation, at 15.43 and 13.92 cm, respectively. Precipitation is lowest in May (11.61 cm) and August (11.33 cm) . The average annual precipitation is 155.13 cm. Presence of taxa within Franklin County was determined using the Biota of North America (BONAP) taxonomic data center (Kartesz 2015). Native and exotic taxa status was determined using USDA PLANTS database nativity data (USDA, NRCS 2016). When taxa were designated as ''Native and Introduced'' or ''Cultivated, or not in the U.S.'' we conformed to the status as listed in the Fifth Checklist of Tennessee Vascular Plants (Chester et al. 2009 ). Invasive exotic taxa were determined and ranked using the Tennessee Exotic Pest Plant Council list (TNEPPC; 2009). All exotic taxa listed in the appendix were also grouped into the following categories: Invasive, Introduced, and Persistent Planting. Invasive species were defined as all that were on the TNEPPC list (2009). Persistent Plantings were species that appeared to be planted, but had survived for 15 or more years in a natural habitat without tending. Introduced taxa are those that do not fit into the other categories. Not included in the flora are species that were deliberately planted and currently maintained as a defined planting. State and federal status of protected taxa were determined using the Tennessee Natural Heritage Program Rare Plant List (Crabtree 2014).
MATERIALS AND METHODS

Floristic Comparison using Sørensen's Coefficient of Community
The flora of the UoS was compared to five others within the Cumberland Plateau in Tennessee to determine similarity. These include (with proximity to UoS noted): Fiery 
RESULTS AND DISCUSSION
Survey of the Flora
A total of 3,135 collections were made on the UoS, representing 1,118 species and lesser taxa. The flora of the UoS represent 553 genera, and 150 families ( Table 1 ). The four largest families are Asteraceae (151 taxa), Poaceae (98 taxa), Cyperaceae (76 taxa), and Fabaceae (56 taxa). These four families make up 34.3% of the total flora of the UoS. The largest genera are Carex (53 taxa), Viola (17 taxa), Solidago (15 taxa), Dichanthelium (12 taxa), and Symphyotrichum (12 taxa).
New Species, State, and County Records
Two specimens (Helianthus sp. nov. and Sisyrinchium sp. nov.) are thought to be new species and are being evaluated by D. Estes. We documented four native state records, Agrimonia microcarpa, Carex rugosperma, Rubus longii, Viburnum alabamense, and two exotic state records, Arum italicum and Salvia pratensis. The taxa included in the UoS flora represent 38.7% of the Tennessee vascular plant taxa (Chester et al. 2009 ). This study documented 74 county records for Franklin County based on Biota of North America data (Kartesz 2015) . This increases the number of documented 
Exotic Taxa
The UoS flora contains 229 exotic taxa, making up 20.5% of the total vascular plant flora. Of these, 73 are designated as invasive by the TNEPPC representing 54% of all invasive plant species in the state (2009). In the Appendix, the following species were considered exotic in Tennessee (Chester et al. 2009 ) despite their native status in USDA Plants Database (USDA, NRCS 2016): Amaranthus spinosus, Chamaesyce prostrata, Dichondra carolinensis, Gaillardia pulchella, Helianthus annuus, Iva annua, Magnolia grandiflora, Oenothera speciosa, Oxalis corniculata, and Prunella vulgaris. We also deviate from the USDA PLANTS database (USDA, NRCS 2016) and Fifth Checklist of Vascular Plants in Tennessee (Chester et al. 2009 ) in listing seven species as exotic to the UoS: Catalpa speciosa, Halesia tetraptera, Magnolia macrophylla, P. taeda, Quercus phellos, Taxodium distichum, and Tsuga canadensis. These represent naturalized populations that are the offspring of plantings. Pinus strobus was treated as another exception, listing it as both invasive and exotic to the Cumberland Plateau (Little 1971). Eighteen taxa were listed as persistent plantings: Abelia 3grandiflora, Forsythia viridissima, Hyacinthoides non-scripta, Ilex crenata, Lamiastrum galeobdolon, Lysimachia clethroides, Malus prunifolia, Narcissus triandrus, Picea abies, Philadelphus inodorus (native to Tennessee planting), Phlox subulata (native to Tennessee planting), Phyllostachys aurea, Prunus avium, Pyrus communis, Rosa wichuraiana, Viburnum carlesii, Viburnum rhytidophyllum, and Yucca flaccida (native to Tennessee planting). Of these persistent taxa, I. crenata, M. prunifolia, P.s aurea, and V. rhytidophyllum are beginning to invade Tennessee and these populations will continue to be monitored.
Protected Taxa
The UoS lands contain eighteen taxa (1.6% of the flora) that are considered protected at the state or federal level. The most notable of these are Clematis morefieldii, which is federally listed endangered (LE), and Diamorpha smallii, Silphium brachiatum, and S. pratense, which are listed endangered by the state. State threatened species include: Allium burdickii, Juglans cinerea, Liatris cylindracea, Lycopodiella alopecuroides, Phemeranthus teretifolius, Sceptridium jenmanii, Silphium pinnatifidum, and Trichomanes boschianum. Special concern species include: Berberis canadensis, Danthonia epilis, Helianthus eggertii, Lonicera dioica, Panax quinquefolius, and Thermopsis mollis.
Habitats and Characteristic Species
Species were assigned to one or more of 15 habitat types divided between upland (plateau surface) and cove environments ( Table 2) . Habitats within the upland and cove environments were further differentiated as a function of canopy openness, geology, topography and human disturbance regime. The 10 nonanthropogenic habitat types correspond to the NatureServe Terrestrial Ecological Classification System (NatureServe 2013) Former agriculture. In addition to the former agricultural land associated with the University farm, there are several small abandoned farm areas on the upland portion of UoS that are in the process of reverting back to forest. Some of these fields were planted in P. taeda and P. strobus by the University after they were no longer used for agricultural purposes. Pinus strobus plantations still persist in places; however, many of the P. taeda stands have succumbed to pine bark beetle mortality. Pinus strobus has spread into the native forest as a result of wind dispersal from these plantings creating belts of dense understory pine parallel to these roads. The plant communities that have recolonized former farm sites represent novel mixtures of both cove and plateau species, along with introduced species (Lonicera japonica, Microstegium vimineum, and Rosa multiflora) and persistent plantings (P. avium, P. communis, and Y. flaccida). The intensive liming of the soil within farmed areas substantially changed soil properties and may be contributing to the presence of the more calciphilic species typical of the nearby cove habitats such as A. saccharum and Quercus muehlenbergii. A limestone barren type habitat is present in the older right-of-way on a westfacing slope of the plateau. This small (0.5 ha) area is characterized by thin calcareous soil with patches of exposed rock and gravel on level to slightly sloping ground. Dominant perennial grasses include Panicum spp., Schizachyrium scoparium var. scoparium, and Sorghastrum nutans. The many sedge species include Carex glaucodea, C. granularis, C. kraliana, C. meadii, and C. vulpinoidea. Rare herbaceous species, including L. cylindracea, S. pinnatifidum, and S. pratense, are found here, among other forbs such as M. virginica, Ratibida pinnata, and Verbesina alternifolia.
Community Comparisons
The flora of UoS was compared to the species found in five other southern Cumberland Plateau floras: Fiery with Prentice Cooper coming in second (17.1%), followed by Fall Creek Falls (13.1%). Wolf Cove (5.3%), Savage Gulf (6.4%), and Fiery Gizzard (6.9%) had fewer exotic species. When taking into account the total species found at each location, we found that the UoS flora contained 84.4% of the Wolf Cove flora, 79.7% of the Fall Creek Falls flora, and 79.8% of the Fiery Gizzard flora, closely followed by the others (Table 3) . . At the species level, the UoS flora is the most diverse flora compiled for the south Cumberland Plateau in Tennessee and it contains 18 listed state/federal rare, threatened, and endangered species along with six state records. The high diversity of plant species in the UoS flora reflects the broad range of habitats that can be found within the campus and contiguous natural areas of the University of the South. The UoS property contains 13 of the characteristic ecological systems associated with the Cumberland Plateau region as identified by NatureServe (2013). Augmenting the high diversity of native plant species are a novel assemblage of introduced species that reflect the long history of varied land use within this landscape.
Colleges and universities in this country that own natural areas have a unique opportunity to both protect and study the biodiversity for which they are stewards (Muller and Maehr 2000) . While natural area stewardship is now recognized as an important part of the sustainability commitment manifest by academic institutions (Krasny and Delia 2014), it is unusual for American universities or colleges to make conservation of biodiversity a primary objective of land management (Straka 2010). As one of the largest owners of natural lands of any college or university in the country, the University of the South has prioritized the protection of biodiversity and specifically its rich vascular plant flora as part of its ecosystem management philosophy. In addition, having a carefully catalogued living flora in association with an academic campus provides an unparalleled educational opportunity for the study of botany. Finally, this flora demonstrates that herbaria at small liberal arts colleges can play an important role in the documentation and promotion of plant biodiversity within their region (Boyd 2008 , Thompson 2008 .
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